This review, one of a series on the bacteriology of the human mouth (113, 114) , deals with a group of gram-positive, filamentous micro6rganisms, both branched and unbranched, which are cultivable under partial anaerobiosis or in the presence of carbon dioxide. The group comprises the branched genus Actinromyces and the unbranched genus Leptotrichia, which are dealt with in detail; while certain other microorganisms, to which the generic names Actinomyces and Leptotrichia (or "Leptothrix") have been applied, are discussed in an effort to clarify their hitherto confused relationships. The etiology and pathogenesis of actinomycosis in man, and the nature and manner of formation of salivary calculus or tartar, are considered with special reference to these microrganisms. THE 
PARASITIC ACTINOMYCETES1
The actinomycetes are gram-positive micro6rganisms characterized by the formation of a mycelium or network of branched and rebranched filaments. Mycelium formation is a property of the true fungi, and the actinomycetes are often classed with the fungi rather than with the bacteria proper. The group, however, shows a wide range of variation within itself, and the members of it with which this review is concerned are clearly much more bacteria-like than fungus-like. On the whole, the actinomycetes may best be considered as intermediate between the bacteria proper and the true fungi, or, in the words of Waksman (143) , as "an independent group of organisms which is closely related to the bacteria through some of the constituent forms, but which has adopted a fungus-like form of growth."
This review deals with only one subdivision of the actinomycetes, those of strictly parasitic habit, which are included here under a single specific name, Actinomyces israeli. The natural habitat of these organisms appears to be the mouth and throat. They are not found in nature apart from the tissues of man and animals, or otherwise under saprophytic conditions, and their properties are such as to indicate their incapacity to multiply or even to survive under such conditions. They appear, in other words, to be obligate parasites. They seem ordinarily to be harmless, but under exceptional circumstances they give rise to actinomycosis, a disease of which they are the principal cause both in man and in animals. These parasitic actinomycetes should be distinguished sharply from the broad and varied category of saprophytic actinomycetes, with which this paper is concerned only for incidental and comparative purposes (see table 1 ). The saprophytic organisms inhabit the soil, and are widely distributed on grains and grasses. This group includes both pathogenic and non-pathogenic members. It may be emphasized that the relationship between the saprophytic and the parasitic actinomycetes depends on two points of resemblance only. Both are composed of a gram-positive, branched mycelium, and both may be pathogenic for man and animals and produce lesions in which radially clubbed "sulfur granules" are found. The saprophytic forms, on the other hand, are recovered only rarely from true actinomycosis ("lumpy jaw") in cattle, and their association with true actinomycosis in man seems to be even more unusual. They are found, however, in certain tropical skin diseases ("mycetomas") of both man and animals.
The generic name Actinromyces ("ray fungus") was originally given by Harz (56) to organisms observed in material from lumpy jaw in cattle. It was Harz likewise who applied the name actinomycosis to this disease. These terms have come to be used nearly universally for the disease and for its most common causative agent, the parasitic actinomycete. Unfortunately the term Actinomyces has also been used for quite distinct members of the saprophytic group. This confusing double usage will be resolved if the recent recommendation of Waksman and Henrici (145) achieves general acceptance. After several attempts had been made to distinguish the saprophytic and parasitic groups by reserving the generic name Actinomyces for the former and using for the latter such names as Cohnistreptothrix (107, 143) or Actinobacterium (110) , Waksman and Henrici (145) have now applied the generic term Actinomyces exclusively to the parasitic organisms with which this review deals, while the Erikson (42) , and Waksman (143) .
has Grootten (50) in France, Puntoni (110) in Italy, and Waksman (143) in this country. It seems best to discard the names Actinomyces bovis and A. hominis, since both have been used so loosely as to require the modifying phrase, "Wolff-Israel type" to make them apply without ambiguity to the parasitic form. The name Actinomyces israeli is appropriate in view of the fact that Israel (61) was the first to recognize its parasitic nature, and since Wolff and Israel (152) first cultivated it from actinomycosis and laid the foundation for our present knowledge of the etiology and pathogenesis of that disease.
Actinomyces israeli Parasitic actinomycetes with the characteristics described below have been isolated from actinomycosis in man, cattle and other animals by Wolff and Israel (152) , Wright (153) , Colebrook (21, 22) , Lignieres (81) and many others.
Wright predicted in 1905 that they would be found as a normal inhabitant of the mouth. Lord (84, 85) demonstrated them in sections of carious detritus and in material from tonsils; and they have since been isolated from the human mouth and throat by many workers (97, 99, 86, 41, 130, 126) , who have shown these organisms to be very similar to or indistinguishable from those of actinomycosis.
Morphology. A. israeli is a gram-positive, branching, filamentous organism. It is not acid-fast, does not form spores, and is non-motile. The individual filaments are generally less than 1 micron in width, like most bacteria, and unlike the true fungi, which are usually several times as wide. A. israeli, however, varies markedly in appearance under different conditions. Since some of the difficulties in this field seem to have been determined in the past by failure to recognize or to identify this organism, a full description of it seems warranted here.
In tissue sections made from the lesions of actinomycosis, the organism appears in the form of compact granules or colonies which are often visible to the unaided eye. The characteristics of the granule are frequently clear enough for diagnostic purposes under low magnification (50 to 100 diameters), but their details are best seen under higher power (400 diameters or more). The granule may be roughly circular or irregular in outline, or may be seen to consist of several colonies of different size and shape which have coalesced. Each granule is composed of a dense reticulum of fibrils which may stain irregularly in hematoxylin-eosin preparations but take the violet dye in sections stained by Gram (86) were unable to produce clubs by similar means. It has been generally assumed that club formation represents a response of the tissues to the presence of the organism. Bayne-Jones (4) , on the other hand, obtained typical eosin-staining clubs in sections of a colony from a glucose broth culture.
Growth and Metabolism. The isolation and maintenance of pure cultures of A. israeli have often been found difficult, apparently only because two characteristics of the organism have not been widely recognized:
1. Strains are apt to die out if cultivated successively on any single medium, but generally thrive if transferred alternately to different media (43, 115) .
Among the media recommended, in addition to infusion broth or agar containing 1 per cent of glucose, have been Dorset's egg or glycerin-egg medium (43), Lubinski's medium (102) , chopped-meat infusion broth, and Bacto brainheart infusion to which 2 per cent of agar is added (115) . None of these media appears to be fully satisfactory, in itself; hence the need for alternate transfers, apparently on the "varied diet" principle.
2. The organism has a limited tolerance for oxygen which varies from strain to strain and in individual strains at different times. Some strains grow only under anaerobic conditions, while others may grow aerobically, especially in broth; but any strain is likely to be lost if maintained through successive transfers under aerobic conditions only. Rosebury, Epps and Clark (115) were able to maintain 15 strains without difficulty by cultivation in anaerobic jars containing 5 per cent of carbon dioxide, which was found to favor continued growth.
A. israeli grows best at 37°C and fails to grow at 22°C. The optimum pH range for growth is 7.2 to 7.6 (21, 101) . According to Negroni and Bonfiglioli (102) no growth occurs in the absence of carbohydrate; but other workers have obtained growth in plain nutrient broth or agar, and the writer has cultivated the organism successfully in fluid media negative to Benedict's reagent. Growth is much more abundant, however, in the presence of glucose. Acid without gas is produced from a wide range of carbohydrates (81, 60, 102, 43) . Naeslund (97) stated that some strains showed definite proteolytic action on coagulated egg albumin and serum and on gelatin, in the presenceof sterilized saliva and glucose; but other workers have found A. israeli uniformly non-proteolytic (81, 86, 102, 43) . Lignieres (81) (43, 78) . Naeslund (97) and Emmons (41) recognized that their groups were closely interrelated. Holm's (60) two groups seemed to be distinct, but he studied only 9 strains, all derived from actinomycosis in man. Lentze (78) and Erikson (43) found independently that fermentation reactions were too variable to be useful for classifying strains derived from actinomycosis in both man and cattle. These workers reported that bovine strains were usually smoother than human strains and that they were distinct by agglutination. Erikson, moreover, found 5 bovine strains to be more tolerant of oxygen than her 15 strains from human disease, and also less exacting in their need for CO2. Strai of A. israeli isolated from mucous membranes of persons without actinomycosis were not included in these studies. Such strains seem to be smooth more often than those obtained from actinomycosis in man (115) . Smoothness or roughness is, however, a dubious basis in itself for classification. It appears on the whole that A. israeli is a heterogeneous species; but until more extensive data are available it seems unwise to attempt to subdivide it. Data given below show that strains from all three common sources, actinomycosis in man and in cattle, and non-actinomycotic mucous membranes, may all be capable of producing actinomycosis under experimental conditions.
Interrelationships of A. israeli with Other Micro6rganisms
Taxonomic Position of the Actinomycetes. The wvhole order Actinomycetales exemplifies, perhaps as well as any biological group, the continuity of the living world, and the fluidity of the boundaries which are drawn in an effort to separate it into larger or smaller categories. Sometimes called "higher bacteria," they seem to be related through the diphtheria bacillus, the tubercle bacillus, and the closer relatives of both, to the bacteria proper; and through the true fungi to the plant kingdom as a whole. Because of their apparent intermediate position the writer has refrained from speaking of them either as bacteria or as fungi.
Actinomyces and Lactobacilli. The parasitic actinomycetes may have an additional bond of relationship to the bacteria proper, through lactobacilli of the bifidus type (114) . The lactobacillus isolated from the intestines of guinea pigs by Crecelius and Rettger (27) seems particularly reminiscent of an actinomycete intermediate between the rough and smooth forms described above, in its morphology, its nonfastidious anaerobic habit, and in other respects. The only direct comparison between A. israeli and Lactobacillus bifidus that seems to have been made is that of Puntoni (109) , who reported that differences between the two groups in morphology and in biochemical and serological characteristics were quantitative rather than qualitative and lay within the range of expected variation of the two heterogeneous groups. This subject seems worth further study.
Parasitic and Saprophytic Actinomycetes. The parasitic actinomycetes are ordinarily so clearly distinct from the saprophytic forms that there would seem to be little reason to confuse them. Two points of difficulty have nevertheless arisen, as follows:
1. Members of the saprophytic group have been observed in and isolated from actinomycosis, especially in cattle (14, 81) and they have also been cultivated from the human mouth (97, 125) . Naeslund (100), moreover, has found that rare strains of saprophytic actinomycetes-two strains out of several hundred isolated from plants and soil-were capable of producing actinomycosislike disease in experimental animals. None of 30 saprophytic strains isolated from mucous membranes of human subjects without actinomycosis had this property. Two other instances are cited by Colebrook (22) and a third by Wright (154) in which saprophytic actinomycetes seem to have been responsible for suppurative lesions containing typical granules. In an earlier study Naeslund (97) had been able to recover A. israeli from the human mouth in greater abundance than the saprophytic forms; and in view of the greater resistance and widespread distribution in nature of these latter, he argued that they are chance invaders and not indigenous to the mouth. He noted that 3 out of 30 saprophytic strains isolated from the mouth grew poorly at 37°C but luxuriantly at 15 to 20°C,-a clear indication that these strains, at all events, were not indigenous.
According to the data collected by Colebrook (22) the truly aerobic (saprophytic) actinomycetes have been recovered in only a small minority of instances from actinomycosis in cattle, and rarely if ever from the disease in man (1 doubtful case out of 94). Cope (25) notes that the occasional recovery of saprophytic actinomycetes from lesions in man may be due to contamination, but believes that they may at times cause such disease. Biggart (12) has recorded a case of generalized and rapidly fatal disease following hysterectomy, from which a true saprophytic actinomycete was recovered. The organism produced small non-fatal lesions in experimental animals. No granules were found either in the patient at autopsy or in the animals inoculated with cultures.
The facts thus do not justify categorical exclusion of the saprophytic actinomycetes as incitants of actinomycosis; but it seems clear that their importance in the human disease is of a very low order.
2. The use of the term anaerobic actinomyces as an overall designation for the parasitic forms (e.g., Colebrook, 23) seems to have led to confusion in that some strains whose characteristics place them with A. israeli have not been classified as such because they were found able in some degree to grow in air. Anaerobiosis within the parasitic group is relative and variable, and its variation does not afford a basis for their subdivision. The group as a whole is easily distinguished from the aerobic saprophytic group by other characteristics (table  1) . Organisms which seem to have been A. israeli but were able to grow in air, and which were regarded as ambiguous either by the original author or by others, have been described by Naeslund (97) , Lord and Trevett (86) (76) to a genus of filamentous iron bacteria which are free living and autotrophic, and cannot be considered even distantly related to the parasitic filaments under discussion. These parasitic forms were first described as Leptothrix buccalis by Robin (111, 112) . Similar microorganisms had been described and pictured by Leeuwenhoek in his letter of 1683 (36) and by Buehlmann in 1840 (17) . Trevisan, in 1879 (139) ,.recognized the distinction between Kiitzing's iron forms and those of the mouth, and proposed the generic name Leptotrichia for the latter.
Leptotrichia buccalis is a gram-positive unbranched filamentous organism, non-motile, non-sporulating, with a tendency to grow as coarse, often granular threads or long rods which may be rounded and sometimes clubbed at one end and tapered or pointed at the other. The most complete study of this organism is that of Thj0tta, Hartmann and B0e (137) . Clear descriptions of it have also been given by Kligler (72) , who called it Leptothrix buccalis, and by Wherry and Oliver (149), who gave it the name Leptothrix innominata as used earlier by Miller (95) .
According to Thjotta and his collaborators this organism can always be seen in smears from the mouth, especially from the central part of the dorsum of the tongue. They succeeded in growing it on Bacto brain-heart infusion medium containing up to 2 per cent of agar, and found that it grew better "in a jar emptied of air and filled up with C02" than under either aerobic or completely anaerobic conditions. The previous workers had described it as a facultative anaerobe or microaerophile. Colonies are about 1 mm in diameter after 24 hours, but continue to grow and reach a much greater size after 7 days' incubation at 37°C. They are described as having a characteristic thatched or medusa-head appearance and a pearly translucency and lustre, and are found by microscopic examination to consist of "long streamers of rods or filaments closely packed together like rafts of timber in a river." On blood agar the colonies are smaller and more irregular; they are not hemolytic but may produce slight greening. Although distinctly gram-positive in young cultures they become increasingly gram-negative later, and often show gram-positive granules in a gram-negative base. They stain yellow with iodine. All (137) . Kligler (72) believed this organism to be one of three that constitute the essential flora of early dental caries, the others being Cladothrix placoides (see below) and L. acidophilus. So far as this view relates to Leptothrichia buccalis, it was based chiefly on the abundance of the organism in deposits from early carious lesions and on its filamentous character, which suggested a capacity to help fix the more essential decalcifying organisms to the tooth surface. L. buccalis was found to be less active in acid production and decalcification than either of the other forms, and did not augment their powers in these respects when grown in combination with either or both. Kligler's view with regard to this organism has not received confirmation, and there seems to be little reason at present to credit it.
Leptotrichia have also been asociated with salivary calculus, as noted below; but descriptions under this name, or under the name Leptothrix, of organisms isolated from tartar have never conformed clearly with that given above. In some instances, notably the Leptothrix buccalis of Bulleid (18, 19) , the forms isolated from tartar can be identified with little doubt as Actinomyces israeli. Otherwise the identity of organisms isolated from tartar and given the names Leptotrichia or Leptothrix remains uncertain. This statement applies even to the work of so careful a student of the actinomycetes as Naeslund (99) . This author's description of "leptothrix" isolated from tartar fails to identify it clearly, although it seems probable that the organism was not an actinomycete, particularly since typical A. israeli was also described as having been recovered from the same source. The filamentous organisms isolated from tartar and other oral sources by Bibby and his co-workers (8, 9, 11) (47) and by Kligler (72) as an aerobic spore-bearing form belonging in the Bacillus subtilis group. Miller's Leptothrix gigantea, described, like the others, only on the basis of microscopic study, may have been a true fungus, as Thj0tta, Hartmann and B0e (137) have suggested.
Leptothrix racemosa is a name given by Vicentini (142) to a peculiar structure, seen in smears from the mouth, consisting of a long thick rod or filament with "conidia" or spore-like bodies clustered around one end. These forms may also have been fungi, or, as Thjotta and his co-workers believed, artefacts produced by agglomeration of cocci around a leptotrichial or other filament. A somewhat similar form described by Beust (6, 7) , likewise on the basis of smears only, consisted of fusiform elements attached to a central stalk so as to give a "test-tube brush" appearance. Beust called this form Leptothrix falciformis. Such structures have also been seen by Davis (30) in so-called tonsillar granules and by Goodrich and Moseley (48) has seen them occasionally in dark-field preparations of gingival scrapings. An organism with similar morphology was cultivated by Mendel (94) and named Leptothrix asteroide. This was a strictly anaerobic gram-negative organism which was said to be pathogenic for animals. Mendel's description and photomicrographs suggest a member of the genus Bacteroides. Tunniciff (140) and Tunnicliff and Jackson (141) isolated from tonsillar granules what seems to have been the same organism, which they named Vibriothrix tonsillaris,-a motile gram-negative anaerobe which in pure culture produced rosette and test-tube-brush forms similar to those seen in smears of the original material. This organism was also described as pathogenic for rabbits. Its relationships and significance seem to be entirely unknown.
Leptothrix anaerobius tenuis (80) and Actinomyces necrophorus (77) are anaerobic gram-negative filamentous organisms which belong clearly with the genus Bacteroides.
Actinomyces muris (138) ter; yet again this result has been obtained without regularity. On the whole the data leave no doubt that A. israeli is the causative agent of actinomycosis; that potentially pathogenic actinomyces are widespread in the mouth and throat; and that secondary or accompanying infection is not necessary for the development of the disease. On the other hand the available data do not solve the problem of pathogenesis; they suggest that some condition or combination of conditions as yet unknown determines the occurrence of the disease, but fail to place the mechanism of its development beyond speculation.
Details of experimental actinomycosis may be described under the following heads:
Single inoculation of pure cultures of A. israeli. More or less extensive nodules or tumors, sometimes containing typical granules with clubs, more often containing recoverable actinomyces, have been produced in guinea pigs and rabbits by intraperitoneal inoculation (152, 153) , and in rabbits by the intratesticular, subcutaneous or intracutaneous routes (86) 46 days, using the intraperitoneal, intratesticular and subcutaneous routes. The animals did not respond to the first injections, but all reacted to later injections in varying degree with inconclusive indications of actinomycosis. In all these animals, crushed granules from actinomycotic pus were used for some of the inoculations and pure cultures for the remainder. Four additional guinea pigs were inoculated only with pure cultures. One of these was given six injections at irregular intervals over a period of 31 months, the first intratesticular, the second subcutaneous, and the others intraperitoneal. Another received only two injections, both intraperitoneal, at a 10-day interval. Neither animal showed more than slight local reactions grossly; but both, when killed 7 days after the last injection, showed apparently typical abdominal actinomycosis, with adhesions and multiple nodules containing clubbed granules. Findings in the other two animals, which received 3 and 5 injections respectively, were not characteristic.
These results could not be confirmed by Emmons (41) , who gave repeated double inoculations (intraperitoneal and subcutaneous) of A. israeli to guinea pigs. As many as 8 such inoculations given at intervals of 4 days to 2 weeks elicited only small abscesses without progressive disease. Negative results were also reported in rabbits by Negroni of the fatal cases at autopsy. In the two guinea pigs with fatal thoracic actinomycosis granules without clubs were found in sections. One of the rabbits with localized infection, which showed only small nodules subcutaneously and in the lungs, all of which failed to yield actinomyces on culture, was the only animal in the series in which clubbed granules were found.
These results seem to emphasize the random and uncertain nature of the pathogenesis of actinomycosis. Repeated inoculation may induce generalized and fatal disease, whereas a single inoculation causes no more than localized lesions with little tendency to progress; yet in both instances the results on the whole are more often negative than positive. Determining conditions in the pathogenesis of progressive actinomycosis are evidently still unknown.
Attempts to determine whether allergy to A. israeli is related to the development of actinomycosis, by skin tests with lving or killed cultures or culture filtrates, have given ambiguous results both in human subjects (92) and in rabbits (115) . Healthy persons have been found to react irregularly, while patients with frank actinomycosis have failed to react in some instances. Inoculated rabbits reacted more strongly than uninoculated controls, but no clear difference was found between animals which later revealed no pathological changes and one animal that subsequently died with progressive actinomycosis. In man the reactivity of healthy subjects may be related to the occurrence of the organism as an indigenous parasite; and loss of sensitivity may possibly occur with the development of active disease, as is known to happen in tuberculosis (129) .
Epidemiology. The theory of Bostroem (14) that actinomycosis is an exogenous infection derived by traumatization with grass, straw or grain which carries the infecting agent has been maintained by repetition in many text books and is still entertained, despite the almost universal failure to adduce evidence in support of it, and the opposite trend of nearly all the available data. Bostroem (49) found in England that a high percentage of beef tongues and other tissues from animals slaughtered both locally and in Argentina contained club-bearing granules. Most of these were identified as due to actinobacillosis, but in more than 5 per cent of instances they appeared to be true actinomycetes. Yet no instance of actinomycosis in man has ever been traced clearly to the ingestion of such contaminated food. Transmission from man to man seems to have been suggested in only two instances (2, 88) but without convincing evidence in either.
The causative agent of true actinomycosis, A. israeli, has never been found apart from a parasitic or pathogenic habitat; and its inability to grow at low temperatures, its lack of spores, and its requirement for reduced oxygen tension, all seem to make it incapable of existence under saprophytic conditions. It has been noted that potentially pathogenic A. israeli can frequently be found in the human mouth and throat in such local disorders as chronic tonsillitis, dental caries, gingivitis and pyorrhea, in the etiology of which these organisms appear to play no part. It is possible that they occur in small numbers in the fully healthy mouth; and that, in common with a large section of the mouth flora, they proliferate under a variety of different local conditions which contribute to or constitute the picture of poor oral hygiene. It seems justifiable, at all events, to include them with such micro6rganisms as the lactobacilli and the oral spirochetes (neither of which can be demonstrated constantly in the mouth) as members of the indigenous flora, and thus to assume that the oral and pharyngeal mucous membranes are their natural habitat. Since actinomyces isolated from such sources evidently belong in the same group as those obtained from clinical disease, and since strains from both sources have been found capable of producing experimental actinomycosis, the endogenous character of the natural disease seems inescapable. This view was first suggested by Wolff and Israel (152) and amplified by Wright (153) . It has since come to be accepted virtually without dissent by all students of the parasitic actinomycetes. Naeslund (100) and others have suggested, moreover, that if trauma from straw, splinters and other vegetable matter plays a part in the pathogenesis of actinomycosis, it may be by facilitating the introduction of A. israeli into the tissues from a mucous membrane, or by aiding the growth of this organism in the tissues, rather than by causing exogenous infection with a saprophytic actinomycete.
Just how infection of adjacent or remote tissues develops through the agency of natural surface parasites nevertheless remains to be determined. It may be noted here that the comparative rarity of actinomycosis in man seems in line with the experimental data previously given in suggesting that the determining factor in the disease is something in addition to and less common than local trauma or even repeated autoinoculation, although both may well be contributory incidents in its pathogenesis. It may be significant that a history of tooth extraction or other injury to mouth or throat has frequently been obtained in cervico-facial actinomycosis (see Cope, 25; Davis, 31) ; that three instances of hand infection with actinomycosis following wounds inflicted by the human teeth have been recorded (89, 24, 112A) ; that pulmonary actinomycosis has been associated with aspiration of an extracted carious tooth or tooth fragment (61A, 148) ; and that an actinomycete has been recovered from the blood immediately after extraction of a tooth (104) . Finally, the apparent r6le of A. israeli in the deposition of salivary calculus, as detailed below, suggests that these deposits may play a part in the pathogenesis of actinomycosis. The experimental data of Rosebury, Epps and Clark (115) tend to support this view, but it has not been clearly demonstrated. This general subject invites further investigation, and currently improved methods for the cultivation and maintenance of A. israeli, as described above, may facilitate its solution.
Diagnosis. Diagnosis of actinomycosis in man rests on a combination of clinical signs and on microscopic demonstration, or preferably isolation, of the causative agent. Attempts to apply other specific diagnostic tests, such as the demonstration of agglutinins to A. israeli in the patient's serum (21) or of skin sensitivity to the organism or its products (92) have not been successful. Neuber (103) has recommended both a complement-fixation reaction and a skin test, but the conditions given for performing these tests make them appear impracticable. It is apparent, therefore, that no means of specific diagnosis is available in the absence of surface lesions, or where exudate cannot be obtained for bacteriological study.
Direct microscopic demonstration of A. israeli depends on the presence of gram-positive branched rods or filaments. Eosinophilic clubs are a confirmatory but not an indispensable adjunct. Isolation of A. israeli in pure culture, however, is the most convincing diagnostic procedure.
Where exudate containing typical granules can be obtained with reasonable expectation that contaminating bacteria are absent, inoculation of glucoseagar shake cultures may suffice for isolation. The granule is transferred to a tube of melted agar that has been cooled to about 4500, broken against the wall of the tube, and distributed through the medium. Several additional tubes of melted glucose agar should then be inoculated serially. These cultures may be incubated at 37°C in air. After 3 to 6 days, successful uncontaminated cultures show the characteristic whitish spherical or mulberry-like colonies growing in the depths of the agar, often with a dense zone of colonies about a centimeter below the free surface. The diagnosis is confirmed by demonstration in such a colony, removed with a capillary pipette, of a branched mycelium or of branched twig-like gram-positive rods and short filaments.
The method used by Rosebury, Epps and Clark (115), although not so simple as the preceding, is recommended as preferable, and is almost indispensable if the source material is contaminated. For this purpose Bacto brain-heart medium containing 2 per cent of agar is used in streaked plates. The granule, or a loopful of exudate or other source material, without washing or other manipulation, is streaked serially on four plates of this medium with a bent glass rod. A loopful of sterile broth may be used on each plate to help moisten and distribute the inoculum. The plates are incubated for 4 to 6 days at 3700
in an anaerobic jar with hydrogen, catalyzed by heated platinum or palladium, and containing about 5 per cent of carbon dioxide. Typical colonies may then be found and identified as described previously.5 A typical colony should be fished to a glucose-agar shake tube and the subculture used for confirmation as described above.
Prevention. Since we are ignorant of the mechanism whereby A. israeli proceeds from its habitat on the mucous membranes to set up progressive lesions in the deeper tissues, no specific recommendations for prevention can be given. In general the data seem to constitute one reason ainong others for the avoidance of excessive trauma in surgery of the mouth and pharynx. In view of the indications that the organism is found particularly in the presence of local inflammatory processes like pyorrhea or gingivitis, the prevention or control of these disorders may be expected to help prevent actinomycosis, among other possible systemic sequels of defective oral hygiene.
SALIVARY CALCULUS
There is convincing evidence that micro6rganisms play an important part in the deposition of salivary calculus or tartar,-the calcified masses that form on the surfaces of teeth or other fixed structures (such as prosthetic appliances) in the mouth. Much of the evidence points to Actinomyces israeli as the agent in the formation of these concretions; but the data leave many questions unanswered, particularly with reference to the mechanism whereby the deposits are formed. 6 The several clinical varieties of tartar-supragingival and subgingival calculus and salivary duct stones-all appear to be similar in chemical composition (74) and in microscopic structure (98, 99) , as well as in their content of microorganisms (99, 8) . They all seem to originate from saliva. Physical differences between concretions from the different sites, in hardness, texture and color, are probably dependent -on the location in which the mass is deposited (75). Supragingival calculus, the variety that forms in largest amount and is most readily obtained for study, is deposited on exposed surfaces of the teeth, preferentially on those adjacent to the orifices of the salivary ducts; i.e., on the lingual surfaces of the lower anterior teeth and on the buccal surfaces of the upper first and second molars. It is also found frequently on malposed or irregular tooth surfaces elsewhere, in areas that are difficult to reach or are habitually not reached by the toothbrush (59) , and on the surfaces of teeth that are not used in chewing because of pain or because opposing teeth are lacking. When freshly deposited these concretions are cream-colored or yellowish and soft, so that they may easily be brushed away (13) ; but they become hard and firmly adherent within a few days, and later they become stained by food or tobacco. Subgingival calculus, sometimes miscalled "serumal" calculus, is 5 This method has been found successful for isolation of A. israeli both from pus from actinomycosis and from grossly contaminated sources such as gingival scrapings. It should be noted that in view of the sensitivity of the method and of the frequent occurrence of the organism in the mouth and throat, the recovery of A. israeli from sputum or other material contaminated from these areas is not necessarily diagnostic of actinomycosis. deposited on the tooth surface under the free margin of the gum within the confines of the gingival crevice or in a pyorrheal pocket. It is generally harder than the supragingival form, perhaps because it is formed more slowly, and is usually deeply stained, probably as a result of small hemorrhages around it. This form of tartar is found characteristically in pyorrheal pockets, but it is not known whether it is a cause or an effect of the pocket. Supragingival calculus may cause irritation of the underlying epithelium, but because of its position on the outer gingival epithelium it probably has no bearing on pocket formation. That both varieties may be irritating, however, and may aggravate gingival and periodontal lesions if they do not cause them, is indicated by the beneficial results that generally follow their removal.
The inorganic composition of tartar and duct stones has been studied by several investigators (131, 74, 108, 64, 45) Bacteriological studies of tartar always yield a variety of indigenous oral micro6rganisms, as would be expected. It seems significant, however, that Actinomyces israeli has been isolated both from the surface and from the depths of tartar more often than other filamentous micro6rganisms, and that it appears to be the only organism among those commonly recovered whose morphology would account for the characteristic branched stroma seen in sections. Organisms whose properties as they were described indicate their identity with A. israeli have been isolated from tartar by Bulleid (18, 19) , Naeslund (99) , Bibby and Knighton (10, 11) ; Grythe (52, 53, 54) , and Rosebury, Epps and Clark (115) . Naeslund, whose findings seem particularly noteworthy in view of his earlier (97) careful studies of actinomycetes, was able to isolate anaerobic actinomyces repeatedly from both supragingival and subgingival concretions, more often from the peripheral calcified portion than from the deeper portion. He noted that such organisms could be recovered much more commonly than the unbranched filamentous forms. He and others-have called such unbranched forms Leptothrix or Leptotrichia. As noted above, organisms from tartar which have been thus named cannot be clearly identified, and they appear to play no important part in the formation of the deposits. An exception is the organism isolated by Bulleid (18, 19 (117) , and may be reviewed here briefly. The belief that loss of carbon dioxide from saliva is the essential cause of tartar formation (96, 67) is invalidated by the findings (a) that the change in CO2 content of saliva on exposure to air is insignificant despite loss of the gas (20) , and (b) that limitation of the escape of CO2 from stagnating saliva in vitro has not affected the formation of artificial deposits (55, 99) . The theory of Prinz (108) which suggests that precipitation depends on loss of protective colloid as a result of surface concentration of colloids in stagnating saliva fails to take account of bacterial action, as disclosed by subsequent studies, and rests on the doubtful assumption that salivary stagnation is essential to the process. It seems hardly likely that the oral regions nearest the salivary duct orifices, in which tartar forms by preference, afford better conditions for stagnation than other parts of the mouth. Broderick's view (16) that tartar deposition depends upon a generalized alkalosis which is reflected in increased salivary alkalinity has received little support from the data of Tenenbaum and Karshan (134, 135, 136) , who found the difference in pH between calculus-free and calculus-forming groups of persons to be small and of uncertain significance in stimulated saliva, while the average pH values in unstimulated saliva for the two groups were nearly identical. Changes in the pH of the medium, moreover, have not been found important in the deposition of artificial concretions (55, 8) .
Naeslund (99) has suggested that calculus is formed through the activity of actinomyces and "leptothrix," which induce the precipitation of salivary salts and also act as a matrix both to retain the deposit and to attach it to the tooth surface. Since the organisms remain alive at the periphery of the calcified mass, the process would be progressive rather than self-limiting. This part of Naeslund's theory-except for its inclusion of the ambiguous "leptothrix"-is in good agreement with the facts presented above. The known ability of A. israeli to form a dense branched mycelium which tends to attach itself firmly to the surface on which it grows may, indeed, make this organism uniquely capable of acting as a matrix for the deposition of tartar.
Naeslund goes further, however, to suggest that the mechanism whereby these micro6rganisms precipitate salivary salts depends, first, on the loss of salivary colloids, and hence of their "protective effect" on the salts in solution, as a result of bacterial proteolysis; and secondly, on a consequent or correlated increase in the pH of the medium. As noted previously, Naeslund (97) reported that some strains of A. israeli were proteolytic and could induce an alkaline reaction; but other workers have uniformly failed to confirm this finding. Naeslund himself (99) found that the proteolytic action of his "leptothrix" was "weak, in some cases uncertain," and stated that "on account of the scanty growth no definite change in reaction could be detected" with this organism. There is no doubt that the mechanism postulated by Naeslund is theoretically sound, in that the changes he suggested would result in the precipitation of salivary calcium salts; but the data do not make it clear that the microorganisms concerned are capable of inducing them.
An alternative explanation, involving the action of phosphatases, may perhaps be substituted for the doubtful part of Naeslund's theory. The evidence on this point, however, is incomplete and hardly more than suggestive. The action of these enzymes, which liberate phosphate from organic combination and are known to take part in the deposition of the calcified tissues, was first suggested as important in tartar formation by Adamson (1) and Smith (127) . These workers believed that phosphatase derived from the gingival tissue rather than from micro6rganisms is the active agent in the process. Zander (155) , however, has shown by a histochemical method that phosphatase is not present in gingival epithelium, although it is found in the connective tissue, and particularly in capillary endothelium. Phosphatase would thus be liberated from the gums only under pathological conditions. On the other hand it is known that microorganisms may produce phosphatase. Glock, Murray and Pincus (46) found it produced by several oral species, including strains of actinomycetes which, however, appear to have been saprophytes rather than A. israeli. Smith (127) had shown that phosphatase activity in saliva was concentrated in the sediment after centrifugation; and, as Zander (155) has pointed out, this finding may indicate that the greater part of the activity in saliva is derived from the oral micro6rganisms. The phosphatase activity of many bacteria may explain their apparent ability to produce concretions in vitro, as noted above. Yet it has not been shown that A. israeli produces phosphatase, and no direct evidence has been provided to link these enzymes to tartar formation. Saltzmann (121) and Tascher and Wagreich (132) have both found that the degree of salivary phosphatase activity is not related to the presence or characteristic absence of tartar on the teeth. The enzyme that may be associated with tartar formation, however, would be expected to constitute no more than a small fraction of the total phosphatase content of saliva at large; hence the negative import of these results may not be significant.
Smith (127) (66) , as well as on those of modern primitives such as Eskimos (118) and other isolated groups such as the natives of Tristan da Cunha (122, 44) . Such groups are known to be comparatively free from dental caries; and it is a matter of common observation that mouths with particularly heavy tartar deposits may be found free from decay. Rosebury and Waugh (118) (134, 135, 136) to have significantly higher levels of total calcium and inorganic phosphorus, in both stimulated and unstimulated saliva, than groups lacking this tendency. Similar findings have been reported for Alaskan Eskimos (63, 65) and for Greenland Eskimos (62) . The differences were evidently not due to the presence of large calcified masses in the mouths of the group with tartar, since similar values were obtained before and after removal of the deposits (135) . The protein content of saliva was not found significantly different in the two groups. In stimulated saliva the average pH was slightly lower for the calculus-free group, the difference between the two groups being of uncertain significance; while the average values for pH of unstimulated saliva from the two groups were nearly identical.
Willsmore (151) has reported that the occurrence of calculus is related to oral hygiene, indicated in terms of the frequency of tooth brushing, and also to variation in tendency of saliva to deposit cellular d6bris on standing. Among 36 persons who brushed their teeth at least twice a day, and whose saliva did not tend to deposit d6bris, none had calculus. At the other extreme, among 51 persons who never used the toothbrush, and whose saliva tended markedly to deposit d6bris, all but one had calculus, and 45 had abundant deposits. Data for groups with intermediate degrees of these two conditions were generally consistent with this pattern.
Since tartar is soft and easily removed when it is first formed, the development of hard deposits can presumably be prevented by regular and efficient brushing of the teeth. Otherwise, however, it appears that a tendency to form calculus may depend on individual variation in the composition of saliva.
There are no data on the incidence of A. israeli in the mouth correlated with such tendency. It has been noted that persons with tartar generally have a higher salivary concentration of the principal inorganic constituents of the deposit. This finding may imply that such higher concentrations are required in order that the mechanism of precipitation may become operative.
Tartar in itself (excluding duct stones), in view of its widespread occurrence, can hardly be looked upon as pathological; but on clinical grounds it seems clear that it may lead to or aggravate pathological changes in the adjacent soft tissues. The occurrence of viable Actinomyces israeli in tartar has led to the suggestion (23) that detached masses of this material may be instrumental in the pathogenesis of actinomycosis, whether by aspiration into the respiratory tract or by other means; and as noted previously suggestive evidence in support of this view has been provided from experimental studies (115) . It is evident, however, that only further research can clarify the many questions in this field that remain unanswered.
SUMMARY
The name Actinomyces israeli is applied in this review in accordance with priority and usage to those gram-positive, branched microbrganisms which are generally cultivable under partial anaerobiosis, which are parasitic on certain mucous membranes, and which are responsible for true actinomycosis in man and animals. The morphology of this organism is described as it appears in sections of and in exudates from the lesions of actinomycosis, and also in preparations from the human mouth and throat, and in cultures. Methods are given for its cultivation and maintenance; and its cultural characteristics are described under various conditions of growth. It is noted that A. israeli is a heterogeneous species, but that attempts to subdivide it have not as yet given satisfactory results. Interrelationships are considered of A. israeli with bacteria and fungi in general, with the anaerobic lactobacilli, and with the saprophytic actinomycetes.
Leptotrichia buccalis, an unbranched gram-positive parasite of the human mouth, is described, and data are reviewed which suggest that it has no pathogenic significance. Other micro6rganisms, described as leptotrichia, actinomycetes, or under other names, are considered in an effort to place them taxonomically. These 
